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@ An implantable cardioverting/defibrillating 
pacemaker and method for treating arrhythmias 
of a patienfs heart are disclosed. Bradycardia 
supp<Mt pacing is initially provided at a nomnal 
standby rate, in the absence of a tachycardia. 
Upon detection and confirmation of a tachycar- 
dia, antitachycardia therapy in the form of anti- 
tachycardia pacing pulse therapy and/or 
cardfoversion or defibrillation therapy is deliv- 
ered to the heart Thereafter, upon reversion of 
the tachycardia, bradycardia support pacing is 
again delivered to the heart but at a greater rate 
than the earlier normal standby rate and only for 
a predetennined time period. At the end of such 
time period, the bradycardia support pacing 
rate is returned to the normal standby rate, 
either directly or in decremental steps. 
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TECHNICAL FIELD 

This invention relates to implantable medical de- 
vices which deliver energy to cardiac tissue in an at- 
tempt to revert tachycardia and restore a normal sinus 5 
rhythm to a patient* and, more particularly, to those of 
such devices which are provided with multiple biady- 
caidia support pacing rates. 

BACKGROUND ART lo 

Implantable pacemaker/detibrillator devices aie 
well known to the medical profession. One early ex- 
ample of such a device is U.S Patent No. 3,857,398 
to L Rubin. The Rubin device utilizes separate circui- is 
tries in dealing with the different fiindions of pacing 
and defibrillation. There is no provision in the Rubin 
device for changing the bradycardia standby rate. All 
of Rubin's bradycardia pacing pulses are apparently 
delivered at the same rate. Many advances have been 20 
made after Rubin in the development of devices and 
techniques for providing effective medical responses 
to a variety of heart disorders of anrhytiimias. 

Recent efforts have resulted in the development 
of nfK>re sophisticated implantat>le pacing and defit}ril- 25 
lating devices. One example of such a device is dis- 
closed in U.S Patent No. 4,869.252 to N. L Oaii, en- 
titf ed *Apparahjs and Method for Controlling pulse En- 
ergy In Antitachyarfhythmia and Bradycardia pacing 
Device". This patent discloses an apparatus which 30 
provides bradycardia support pacing at different ener- 
gy levels, including a higher pulse energy for a period 
following successful antitachycardia therapy, and a 
lower level during normal bradycardia support pacing. 
Capture is more efficient at the higher energy level 35 
since ttie heart has been traumatized by the tachycar- 
dia and/or tiie antitachycardia tiierapy. In the Gilli pa- 
tent, again, the bradycardia therapy Is delivered at a 
constant programmed standby rate. 

The implantable pacing and defibrillating device 40 
disclosed in U.S. Patent No. 4,940,054 to R. Grevis et 
al., entifled "Apparahjs and Mettiod for Controlting 
Multiple Sensitivities in Arrhythmia Control System In- 
cluding Post Therapy Pacing Delay," is another exanv 
pie of a more sophisticated device of tfiis type. Follow- 4S 
ing antitachycardia therapy, which may be antttachy- 
cardia pacing or cardioversion/defibr91ation, there is a 
pause or post therapy delay for a period of time sub- 
stantially greater than a normal standby interval prtor 
to the commencement of bradycardia support pacing. so 
However, when bradycardia support pacing is re- 
quired after antitachycardia ttierapy, it is delivered at 
a constant rate. 

A problem that is common to all existing antita- 
chyarrhythmia devices is their failure, after reverting 55 
tachycardias, to compensate patients who are de- 
pendent on bradycardia support pacing for tfie hemo- 
dynamic compromise resulting from Uie tachycardia 



and/or tiie antitachycardia therapy. 

A tachycardia and/or antitachycardia therapy can 
temporarily reduce tiie hearf s pumping efficiency. If 
so, the hemodynamic competence of a bradycardia 
support pacing-dependent patient being paced at a 
constant standby rate Is impaired for as long as the 
pumping efficiency remains reduced. This can be 
traumatic to a patient and presents a real problem to 
some patients that are currentiy using existing devic- 
es. 

It is therefore a primary object of the present in- 
vention to provide an improved apparatus and a meth- 
od for treating cardiac arrhythmias which, following re- 
version from tachycardia, compensate for hemody- 
namic compromise experienced during tachycardia 
and/or following antitachycardia therapy. 

It is a further object of the invention to provide an 
improved apparatus and method for treating cardiac 
arrhythmias which delivers antitachycardia pacing 
therapy and cardioversbn/defibrillation therapy when 
needed and includes temporarily increasing the bra- 
dycardia support pacing rate following the delivery of 
antitachycardia tfierapy. 

Further objects and advantages of this Invention 
will become apparent as tiie following description pro- 
ceeds. 

SUMMARY OF THE INVENTION 

In accordance witii the principles of the present 
invention, the bradycardia support pacing standby 
rate is automatically increased from one normal value 
to another, higher, programmed value after reversion 
of a tachycardia has been detected. The standby rate 
of normal t)radycardia support pacing therapy is a pro- 
grammable parameter in the antitachyarrhythmia de- 
vices disclosed in U.S. Patents 4.869.252 and 
4,940.054. referred to at)ove. iHit remains at a fixed 
value for a particular patient for all such therapy de- 
livered to tiiat patient In the present invention, the 
bradycardia support pacing standby rate following tiie 
delivery of anta'tachycardia therapy remains at a value 
which is higher than the normal standby value for a 
predetemftined time interval, the lengtti of which may 
also be made a programmable parameter, before re- 
turning eventually to the patient's normal bradycardia 
support pacing standby rate. 

Additionally, in accordance with tiie invention, 
ttiere is provided an apparatus for treating cardiac ar- 
rhyttimias comprising means for delivering bradycar- 
dia pacing pulses, means for detecti'ng tachycardias, 
means for delivering antitachycardia ti)erapy follow- 
ing detection of a tachycardia, means for confirming 
tiie absence of tachycardia following tiie delivery of 
tiie antitachycardia Uierapy, means for delivering 
post-reversion bradycardia support pacing pulses for 
a predetermined tone period at a higher than normal 
standby rate immediately following such antitachycar- 
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dia therapy and, following the expiry of the predeter- 
mined time period, thereafter delivering bradycardia 
support pacing pulses at the norma! standby rate. 

Additionally, the invention provides a method for 
treating cardiac arrhythmias comprising the steps of 5 
delivering bradycardia pacing pulses, detecting the 
presence of tachycardia, delivering antitachycardia 
therapy following detection of a tachycardia, confirm- 
ing the absence of tachycardia following the delivery 
of the antitachycardia therapy, delivering post- to 
reversion bradycardia support pacing pulses for a pre- 
determined time period at a higher than nonnal stand- 
by rate immediately following the antitachycardia ther- 
apy, and, at the expiry of the predetermined time per- 
iod, thereafter delivering bradycardia support pacing is 
pulses at the nonmal standby rate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

While the spedficatlon concludes with claims par- 20 
ticularly pointing out and distinctly claiming the sub- 
ject matter regarded as the invention herein, it is be- 
lieved that the present invention will be more readily 
understood upon corisideration of the following de- 
tailed description, taken in conjunction with the ac- 25 
companying drawings, in which: 

FIG. 1 is a block diagram of an arrhythmia control 

system in which the present invention may be 

used; 

FIG. 2 is a block diagram of a pacemaker utilized 30 
in FIG. 1; 

FIG. 3 Is a block diagram of a microprocessor utfl- 
ized in FIG. 1; and 

FIG. 4 is a logic flow diagram of software execut- 
ed by the microprocessor of FIG. 3 in accordance 35 
with the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

40 

As used herein, the term "antitachycardia pacing" 
includes any pacing used for the reversk>n of tachy- 
cardia The lemi "tachycardia" refers to any fast ab- 
normal rhythm of the heart which may t>e amenable to 
treatment by electrical discharges, and specifically in- 45 
dudes ventricular tachycardia (VT), supraventricular 
tachycardia (SVT), ventricular flutter and/or ventricu- 
lar fibrillation (VF). 

The term "therapy" as used herein includes the 
processes used between the detection and reversion so 
of a tachyarrhythmia and includes the actions of anti- 
tachycardia padng, cardioversion shock and defibril- 
lation shock The term "cardioversion" refers to the 
discharge of electrical energy into cardiac tissue in an 
attempt to temiinate or revert a tachyanrhythmia. This 55 
may take the fonm of a high energy discharge (up to 
40 Joules or more) or a low energy discharge (less 
than 1 Joule). Cardioversion shocks nruiy or may not 



be synchrDnized to the rhythm of the heart Defibrilla- 
tion is a particular example of cardioversion. 

This invention applies equally to devices which 
deliver energy synchronized to an R-wave and to 
those that do not, and applies to devices whk:h use 
lower energy pulses (up to 1 Joule) as well as to de- 
vtoes which use higher energy pulses (up to 40 Joules 
or more). The invenfion applies to devices which de- 
liver cardioverting shocks alone, as well as to devices 
which deliver antitachycardia pacing pulses alone or 
in a combination with cardioverting shocks. The in- 
vention will usually apply to ventrk:ular implantable 
cardkjverters, but is equally applicable to atrial cardi- 
overters or multiple chamber cardioverters or defibril- 
lators. The invention applies also to the delivery of any 
antitachycardia pacing pulse and post-reversion pac- 
ing therapy. 

Referring to FIG.1 , tiiere is depicted a block dia- 
gram of an anrhythmia control system 10. System 10 
is designed to be implantable and includes a pulse 
module 1 1 and appropriate leads. More particulariy,' 
system 10 will generally include: a cardiac lead 12 
connected to the patient's heart 14; a pacemaker 15 
for the detection of analog signals representing cardi- 
ac electrical activity and for the delivery of pacing 
pulses to the heart; a microprocessor 16 which, in re- 
sponse to various inputs received from the pacemak- 
er 15 as well as from a defibrillator 17, perfomns vari- 
ous operations so as to generate different control and 
data outputs to both pacemaker 15 and defibrillator 
17; and a power supply 18 for the provision of a reli- 
atrfe voltage level to pacemaker 15. microprocessor 
16 and defibrillator 17 by suitable electrical conduc- 
tors (not shown). Defibrillator 17 produces a high vol- 
tage to charge its capacitors and then discharges 
them in response to control signals from microproces- 
sor 16, A defibrillator electrode lead 19 transfers the 
energy of a defibrillator shock 20 from the implanted 
pulse module to tiie surface of Uie heart 14. 

Mk»oprocessor 16 is connected to an external 
memory 21 by an address and data bus 22. An end- 
of-life (EOL) signal line 24 is used to provide, to mi- 
croprocessor 16. a logic signal indicative of the ap- 
proach of battery failure in power supply 18. 

As more fully described below, microprocessor 
16 and pacemaker 15 are connected by a communi- 
cation bus 25. a sense line 26. a pace control line 27. 
a sensitivity control bus 28. and a pacing rate control 
bus 29. As also more fully described below, micropro- 
cessor 16 is connected to defibrillator 17 by a charge 
voltage level line 30, a charge control bus 31. a shock 
control bus 32. and a dump control bus 34. 

Referring to FIG.2. pacemaker 1 5 comprises pac- 
ing circuit 35 which includes a pacing pulse generator 
36. sensing circuit 37, and telemetry circuit 36. In ad- 
dition, there is a control block 39 which includes an in- 
terface to microprocessor 16. 

In operation, sensing circuit 37 detects analog 
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signals 40 from the heart 14 and converts the detect- 
ed signals to digital signals, in addition, sensing circuit 
37 receives an input sense control signal (which de- 
termines the sensitivity of the detection circuits in 
sensing circuit 37) by way of a sense control bus 41 5 
from control block 39. A change in this sensitivity wai 
affect the voltage deviation required at the sensing 
electrode for a sense to be registered in sensing cir- 
cuit 37. The operation of the logic which changes the 
sensitivity is described in more detail in the aforemen- io 
tioned U.S. Patent No. 4.940.054. 

Pacing circuit 35 also receives inputs from control 
block 39. including a pace control and a pacing rate 
control by way of padng control bus 42 which canrtes 
the signals on pace control line 27 and pacing rate is 
control bus 29. The pace control detemiines the type 
of padng to occur and the bradycardia standby rate . 
is established by the pacing rate control. Pacing cir- 
cuit 35 causes pulse generator 36 to generate padng 
pisses 44 which are delivered to the patlenf s heart 14 20 
by means of cardiac lead 12. 

Telemetry circuit 38 provides a bi-directiona! link 
between control block 39 of pacemaker 1 5 and an ex- 
ternal device such as an extemal programmer (not 
shown). It alk>ws data such as the operating parame- 25 
ters to be read from or altered in the implanted pulse 
module 11 (FIG. 1). 

Referring to FIG. 3, microprocessor 16 comprises 
two 1 6-bit timers 47 and 48. a CPU 49. a vectored irv 
terrupt block 50. a RAM 54. a ROM 55. a ports inter- 30 
face 57 and an intemal conrununication bus 58. RAM 
54 ads as a scratch pad memory during execution of 
the various programs stored In ROM 55 and used by 
microprocessor 16. These programs include system 
supervisory programs, detectk)n algorithms, and pro- 35 
gramming implementing the logic flow diagram of FIG. 
4, as wen as storage progrants for storing, in extemal 
memory 21, data concerning the functioning of mod- 
ule 1 1 and the electrogram provided by cardiac lead 
1 2. Timers 47 and 48 and associated control software 40 
implement some timing functions required by micro- 
processor 16 without resorting entirely to software, 
thus reducing computational loads on and power dis- 
sipation by CPU 49. 

Signals received from telemetry circuit 38 pennit 45 
the external programmer to change the operating 
parameters of pacemaker 15 by supplying appropri- 
ate signals to control block 39. Communication bus 25 
serves to provide signals indicative of such control to 
miaoprocessor 1 6. Thus, it is also possible for an ex- 50 
ternal programmer to control operation of defibrillator 
17 by means of signals provkled to microprocessor 
16. 

Appropriate telemetry conunands may cause 
telemetry drcuit 38 to transmit data to the external 55 
programmer. Data stored is read out. by microproces- 
sor 16. on to communication bus 25. through control 
block 39 In pacemaker 15. and into telemetry drcuit 



38 for transmission to the extemal programmer by a 
transmitter In the telemetry drcuit 

Microprocessor 1 6 receives various status and/or 
contrd inputs from pacemaker 15 and defibrillator 17. 
During nonnal pacer operations the input signal to pa- 
cemaker 1 5 is a sense signal on sense line 26 which 
is used by microprocessor 16 to perform operations 
such as arrhythmia detedlon. Microprocessor 1 6 pro- 
duces outputs such as the pace control on pace con- 
trol line 27 which detenmines the type of padng to take 
place. Other pacemaker control outputs generated by 
microprocessor 16 Indude a padng rate control signal 
on padng rate control bus 29 whteh determines the 
bradycardia standby rate, and a sensitivity control sig- 
nal on sensitivity control bus 28, which determines the 
sensitivity setting of the sensing circuit 

Mnroprocessor 16 provides to defibrillator 17 a 
shock control signal on shock control bus 32 which in- 
dicates that a shock is to be delivered to the patient, 
a dump control signal on dump control bus 34 which 
indk:ates that a shock is to be dumped at an intemal 
load within defibrillator 17, and a charge control signal 
on charge control bus 31 which determines the vol- 
tage level of the shock to be delivered. Charge vdtage 
level line 33 provides a digital signal representative of 
charge voltage from an analog to digital converter 
within defibrillator 17. thus providing a feedback loop 
which assures that a shock of proper eneigy level is 
delivered by defibrillator 17. 

RG. 4 Is a logk; diagram of the mteroprocessor 
flow control for changing pulse energies and padng 
rates. The start is shown at 80. and at 81 the padng 
rate is set to a predetermined programmed normal 
value. At 82 a determination is made as to whether a 
bradycardia condition exists. If It does, then bradycar- 
dia support pacing is delivered at this nonnal padng 
rate, as shown at 83. 

If there is no bradycardia condition, as shown at 
82B. then branching occurs based on whether or not 
there is a tachyarrhythmia condition, as shown at 84, 
If there is no detection of a tachyanrhytfimla condition, 
as shown at 84A, then ttie program proceeds to logk; 
block 94 (to be described hereinafter) and either loops 
back through 82 or 80. depending on the decision 
made at 94. If a tachyarrhythmia condition is deteded 
at 84, as shown at 84B, then a follow-up check Is 
made for confimnation of the tachyanhythmla, as 
shown at 85. If a tachyantiythmia condition is not con- 
firmed, as shown at 85A. then the program proceeds 
to logic block 94 and either loops back to 82 or 80, de- 
pending on the dedsion made at 94. 

If a tachyanrhythmia condition is confinned. as 
shown at 85B. Uien antltachyanrhyttimia tiierapy is de- 
livered to the patient, as shown at 87. Following de- 
livery of such therapy, a determination is made at 88 
as to whetiier or not the tachyanliythmia has been re- 
verted. If the tachyarrhythmia conditton has not been 
reverted, as shown at 88B, then furtiier antitachyar- 
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rhythmia therapy is delivered at 87. The therapy con- 
tinues until reversion talces place at 88A, or for a given 
limited time, as detemiined at 89 and as more fully ex- 
plained below. 

Reversion of a tachyanrhythmia at 88A starts a 5 
post-pacing timer at 90, As long as the time elapsed 
following reversion does not exceed a predetenmined 
time interval, the pacing rate is set to a predetenmined 
programmed high value at 91 and it will remain at that 
high value until the expiration of the post-pacing time- io 
out period at 90. The post-pacing timeout is a pro- 
granruned period of time following antitachyarrhythmia 
pacing therapy during which the bradycardia pacing 
rate is set at the high programmed value in order to 
more quickly restore the pab'ent to full hemodynamic is 
competence. Programming may be performed by the 
physidan just prior to implantation, and it may be 
changed after implantation through telemetry circuit 
38. 

If the pacing rate Is at the high programmed value 20 
and the post-padng timeout period is exceeded, as 
shown at 90A, a command is given to set the padng 
rate back to the nomnal programmed value at 81 . If the 
time since tachyanrhythmia reversion has not exceed- 
ed the post-padng timeout period, or if the padng rate 25 
has been set back to the normal value following the 
expiratkm of the post-padng timeout period as shown 
at 90A, then at 82 branching occurs based on whether 
or not bradycardia has been detected. If a bradycardia 
condition is detected, as shown at 82A. tiien brady- 30 
cardia support padng is delivered, as shown at 83. 
This bradycardia support padng will be delhrered eith- 
er at the high programmed rate if the post-padng 
timeout period has not expired, or at the normal pro- 
grammed rate value if the post-padng timeout period 35 
has expired. 

in any event, following reverston of the tachyar- 
rhythmia condition, if the post-padng timeout has not 
occurred, at 90B the padng rate is set to the high pro- 
grammed value, as shown at 91, and the pre)gram 40 
then proceeds to logic block 94 where, again, if the 
time since reversion is not equal to or greater than the 
post therapy time out, the loop passes back to 82. If 
the post therapy time out has occurred, the loop pass- 
es back to 81 , via 94. and, also, at 90A of logic block 4S 
90. branching to 81 occurs. Accordingly, the pacing 
rate Is set to normal. 

If there has been no indication at 88 of reversk>n 
of the tachyarrhythmia and the time limit set at 89 for 
the duration of reversion therapy Is exceeded, branch- so 
ing occurs to 89A and defibrillation shock therapy is 
applied at 92. A post-defibrillation timer at 93 is reset 
at this time, and the pacing rate is then set to the high 
programmed value, as shown at 93B and 91. The pro- 
gram Uien proceeds to logic block 94 where, again, if 55 
the time since reversion is not equal to or greater than 
the post therapy time out. the loop passes back to 82. 
If the post ttierapy time out has occurred, the loop 



passes back to 81. via 94, and, also, at 93A of logic 
btock 93, branching to 81 occurs. Thus, again, the 
pacing rate is set to nonmal. 

In fHG. 4. the timeouts for high rate bradycardia 
pacing may be different time intervals (as program- 
med into or fixed by the timers 90 and 93) depending 
upon whether antitachycardia has been reverted at 88 
or defibnilatfon has occurred at 92. It is possible to im- 
plement a system wherein the same programmable 
timer is used in both cases by. for example, eliminat- 
ing timer 93 and connecting the output of block 92 as 
an additional input to timer 90, which could then be 
called, generally, a post-therapy timer. In that case, 
the timeout interval would be programmed (or fixed) 
to be the same fdlowing both antitachycardia pacing 
therapy and defibrillation shock therapy. 

It is also preferable tfiat bradycardia support pac- 
ing be inhibited for programmable periods of time after 
reversion of a tachyanrhythmia by either antitachycar- 
dia padng therapy or defibrillation shock therapy, so 
as to avoid any pro-arrhythmic efTecL The use of such 
a delay is described in the aforementioned U.S. Pa- 
tent No. 4.940.054. 

The time limit for the application of antitachyar- 
riiythmia tiierapy at 87, determined at 89. is of impor- 
tance. In this regard, reference is made to U.S. Patent 
No. 4,895.151 to R. Grevis et al.. entitied "Apparatus 
and Method for Therapy Adjustment in Implantable 
Cardioverter", the disdosure of which is incorporated 
herein by reference. This patent disdoses an appara- 
tus and method for treating tachyarrhythmias wherein 
upon detection of the presence of a patient tachyar- 
rhythmia, a first antitachyarrhythmia therapy (antita- 
chycardia padng) is given at a first energy level. Con- 
currentiy. the hemodynamic condition (e.g., ttie aver- 
age cardiac cycle lengtti) of the patient is measured 
and a length of time to therapy switchover is continu- 
ally derived during the application of the first antita- 
chyarrhythmia tiierapy. The length of time to a therapy 
switchover is a function of the hemodynamic condition 
of the patient When ttie time fdlowing detection of the 
patient tachyarrhythmia exceeds the lengtt) of time to 
switchover, a second antitachyanhyttimia Uierapy (a 
high energy shock) at a second energy level is provid- 
ed. 

it will be apparent from ttie foregoing description 
that ttie present Invention provides an improved appa- 
ratus and method for treating cardiac arrhythmias in 
which, following reversion of tachycardia, hemody- 
namic compromise experienced during or following 
the tachycardia is compensated for by setting ttie bra- 
dycardia support pacing rate for any bradycardia sup- 
port padng delivered immediately following the rever- 
sion of the tachycardia to a higher than nonmal rate, 
for a predetermined time period following such rever- 
sion. It will also be apparent ttiat the present invention 
is equally applicable to anUtachyanrhythmia devices 
capable of delh/ering one or more cardioversion or de- 
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fibriltatton shocks, as welt as to devices which deliver 
antitachycardia pacing pulses alone or In combination 
with cardioversion or defibriltatton shocks. The antita- 
chycand» pacing may be delivered to the atrium, the 
ventricle, or to both the atrium and the ventricle. s 

It will be understood that various other implemen- 
tations of the invention are contemplated. For exam^ 
pie, although the use of a microprocessor is diseased 
herein, the operations of FIG. 4 may be implemented 
using hard-wired logic rather than software, as the io 
distinction t)etween hardware and software has be- 
come less significant In general, engineering judge- 
ment, including considerations of conserving energy 
so as to prolong battery life, is exercised in deciding 
on a particular implementation of the invention for a is 
given application. 

Although the invention has been shown and de- 
scribed with reference to particular embodiments, it is 
to be understood that such embodiments are merely 
illustrative of the application of the principles of the in- 20 
vention. Numerous modifications may be made there- 
in and other arrangements may be devised without 
departing from the broader aspects of this Invention. 
It is, therefore, aimed in tiie appended claims to cover 
all such changes and nKxtiflcations as f^l within the 25 
true spirit and scope of ttiis invention. 

Claims 

30 

1. A method for treating a patients malfunctioning 
heart, comprising the steps of delivering brady- 
cardia support pacing to the heart at a first stand- 
by rate during episodes of bradycardia other ttian 
those that immediately follow reversion of a ta- 35 
chycardia, and delivering bradycardia support 
pacing to Uie heart at a second standby rate, 
greater than said first standby rate, during initial 
periods of episodes of bradycardia which imme- 
diately follow reversfons of tachycardia. 4o 

2. Themethodofclaim1,whereinsaidlhltialperiods 
are predetermined time periods, and including Uie 
further step of delivering support padng at said 

first standby rate upon expiration of said predeter- 45 
mined time periods during continuance of said 
episodes of bradycardia which folk>w reversions 
of tachycardia. 

3. A method for treating anrhythmias of a patient* s 50 
heart, comprising the steps of: 

delivering first bradycardia pacing pulses 
to the heart at a first programmed standby rate; 

detecting the presence of a tachycardia of 
the heart; 55 

delivering antitachycardia therapy to the 
heart to revert said tachycardia; and 

delivering second bradycardia pacing 



pdses to the heart, after reversion of said tachy- 
cardia, said second bradycardia pacing pulses 
being at a second programmed standby rate, said 
second standby rate being greater than said first 
standby rate. 

4. The method of daim 3, wherein said step of de- 
livering second t)radycardia pacing pulses at said 
second standby rate indudes the sub-step of de- 
livering said pulses for a predetenmined period of 
time. 

5. The metiiod of dalm 3, wherein said antitachycar- 
dia therapy is a therapy selected from the group 
of therapies induding antitachycardia padng 
therapy, cardioversion therapy and defibrillation 
therapy, and induding tiie further step of select- 
ing said seleded antitachycardia therapy based 
on flie type of tachycardia detected. 

6. The method of daim 3, comprising tiie furttier 
step, after detection of said tachycardia, of con- 
finning the presence of said detected tachycardia 
prior to supplying said antitachycardia therapy. 

7- The method of daim 3. comprising the further 
steps of periodically ascertaining whetfier said ta- 
chyanrhytiimia has been reverted, and tenminat- 
ing said antitachycardia therapy upon ascertain- 
ing that reversion of said tachycardia has occur- 
red. 

8. The metiiod of daim 3. wherein said step of de- 
livering antitachycardia tiierapy indudes the sub- 
step of delivering antitachycardia pacing therapy 
to the heart 

9. The method of daim 3. wherein said antitachyar- 
rhythmia tfierapy is initially antitachycardia pac- 
ing therapy, said antftachycardia pacing therapy 
is supplied for only a predetenmined period of 
time, and, in ttie absence of a reversion of said ta- 
chycardia, induding the further step of changing 
said antitachycardia pacing therapy to defibrilla- 
tion shock therapy after said predetemnined peri- 
od of tinrte has elapsed. 

10. The method of daim 4. induding the further step, 
after said predetermined period of t\vne, of deliv- 
ering said first bradycardia pacing pulses at saM 
first programmed standby rate. 

1 1. The method of daim 4. wherein said antltachycar> 
dia therapy comprises a seleded one of a plural- 
ity of treatments, and induding the further step, 
for each of said treatments, of determining saki 
predetermined time independently of the detenmh 
natbn ttiereof for ttie other of said b^atments. 
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12. The method of dalm 4, comprising the further 
step of fixing said predetemnined period of time. 

13. The method of daim 4, comprising the further 
step of programming said predetemiined period s 
of time. 

14. A method of treating arrtiythmias of a patient's 
heart, comprising the steps of. 

delivering first bradycardia padng pulses io 
to the heart at a first programmed standby rate; 

detecting the presence of a tachycardia of 
the heart; 

delivering antitachycardia padng therapy 
to the heart to revert said tachycardia; and is 

delivering second bradycardia padng 
pulses to the heart for a time after reversion of 
said tachycardia, said second bradycardia padng 
pulses being of at least one other bradycardia 
padng rate, said at least one other bradycardia 20 
padng rate being greater than said first program- 
med standby rate. 

15. An apparatus for treating arrhythmias of a pa- 
tient's heart, comprising: 25 

bradycardia pulse therapy means for deliv- 
ering bradycardia pacing pulses to the heart at a 
programmable standby rate; 

detection means for detecting the pres- 
ence of a tachycardia of the heart; 30 

antitachycardia therapy means respon- 
sive to said detection means for delivering antita- 
chycardia therapy to the heart to revert said ta- 
chycardia; and 

tM-adycardia pacing rate setting means for 35 
setting the rate of said bradycardia padng pulses, 
said bradycardia padng rate setting means initial- 
ly setting said bradycardia padng rate to a first 
programmed standby rate value and thereafter 
setting said bradycardia pacing rate to at least 40 
one other rate value for bradycardia pacing after 
reversion of a tachycardia, said at least one other 
rate value being higher than said first progranv 
med standby rate value. 

45 

16. Theapparahjs of daim 15, further comprising tinv 
ing means for causing said bradycardia padng 
rate setting means to set the rate of said brady- 
cardia pacing pulses to said at least one other 
rate value for a predetermined period of time. so 

17. The apparatus of daim 15, wherein said antita- 
chycardia therapy means indudes at least one 
means from the group of means comprising an 
antitachycardia pacing pulse generator means, a 55 
cardioversion means, and a defibrillator means. 

18. The apparatus of daim 15. further comprising ta- 



chycardia confinfnaUon means for confimf)ing the 
presence of a detected tachycardia subsequent 
to the detection thereof, said antitachycardia ther- 
apy means being activated only after said tachy- 
cardia is confinmed by said tachycardia confirma- 
tion means. 

19. The apparatus of daim 15, further comprising de- 
termining means for determining whether said ta- 
chycardia has been reverted, said detennining 
means causing said antitachycardia therapy 
means to terminate said antitachycardia therapy 
when said tachycardia has been reverted. 

20. The apparatus of daim 15. wherein said antita- 
chycardia therapy comprises a selected therapy 
from the group of therapies induding antitachy- 
cardia pacing therapy, cardioversion therapy and 
defibrillation therapy, wherein said at least one 
other rate value comprise two values, wherein 
one of said two values Is set by said bradycardia 
padng rate setting means following antitachycar- 
dia padng therapy, and wherein the other of said 
two values is set by said bradycardia padng rate 
setting means following defibrillation or cardio- 
version therapy. 

21. The apparatus of daim 15, further comprising de- 
lay means for delaying delh^ery of said bradycar- 
dia padng after said antitachycardia therapy 
means delivers said antitachycardia therapy. 

22. The apparatus of daim 15. wherein said first 
standby rate value comprises a nomfial padng 
rate, said at least one other rate value comprises 
a post-reversion padng rate, and wherein said 
bradycardia pacing rate setting means sets at 
least one Intennediate bradycardia standby pac- 
ing rate between said post-reversion pacing rate 
and said nomial pacing rate, thereby achieving a 
gradual resumption of the nonmal pacing rate fol- 
lowing reversion of said tachycardia. 

23. The apparatus of daim 16, further comprising 
means for setting said period of time as a fixed 
time interval. 

24. The apparatus of daim 16, further comprising 
programming means for programming said pre- 
determined period of tkne. 

25. The apparatus of daim 16. wherein after said pre- 
detenmined period of time said timing means 
causes said bradycardia pacing rate setting 
means to again deliver said bradycardia padng 
pulses at said first programmed standby rate val- 
ue. 
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26. The apparatus of daim 16, wherein said antita- 
chycardia therapy comprises a therapy selected 
from the group of therapies including antitachy- 
cardia pacing therapy, cardioversion therapy and 
defibrillation therapy, and wherein said timing s 
means comprises a plurality of timers, each of 
said timers being responsive to the delivery of 
one of said antitachycardia therapies by said an- 
titachycardia therapy means, each of said timers 
causing the setting of said at least one other rate io 
value to be for a period of time that is Independent 

of the settings thereof caused by the others of 
said timers. 

27. The apparatus of daim 19, wherein said antita- is 
chycardia therapy means indudes: 

first therapy means for delivering antita- 
chycardia padng therapy to the heart; and 

second therapy means for delivering cardi* 
overslon or defibrOlation therapy to the heart if 20 
said determining means does not determine that 
tachycardia reversion has occurred within a pre- 
determined time interval. 

28. The apparatus of daim 21, wherein said delay 25 
means delays said delivery of bradycardia padng 

for a predetermined programmable time Intervat. 

29. The apparatus of daim 22, wherein the durations 

of each of the said Intenmedlate bradycardia 30 
standby pacing rates may be set according to at 
least one programmable time delay. 

30. The apparatus of daim 22, wherein the durations 

of each of the said inteurmediate bradycardia 35 
standby pacing rates may be set according to at 
least one programmable number of bradycardia 
padng pulses to be delivered at each of the cor- 
responding ones of said Intermediate padng 
rates. 40 

31. The apparatus of daim 22, wherein the normal 
bradycardia standby padng rate, rather than be- 
ing immediately resumed upon expiration of said 
post-reversion period of time, is resumed fdlow- 45 
ing a further period of gradually decreasing pac- 
ing rates. 

32. The apparatus of daim 31 , wherein said further 
period of gradually decreasing pacing rates is set 50 
as a programmed time period. 

33. The apparatus of daim 31, wherein the said fur- 
ther period of gradually decreasing pacing rates 

Is set as a programmable number of padng puis- 55 
es. 



period of gradu^Iy decreasing padng rates is de- 
rived from a programmed decrement in the brady- 
cardia standby pacing rate applied to successive 
padng pulses. 

35. The apparatus of daim 31, wherein said further 
period of gradually decreasing padng rates is de- 
rived from a programmed increment in the brady- 
cardia standby pacing interval applied to succes- 
sive padng pulses. 

36. An apparatus for treating arrhythmias of a pa- 
tient's heart, comprising: 

bradycardia pulse delivering means for de- 
livering bradycardia padng pulses to the heart at 
a standby rate; 

detection means for detecting a tachycar- 
dia of the heart; 

antitachycardia therapy pacing means re- 
sponsive to said detectton means for suppiyir^ 
antitachycardia pacing therapy to the heart to re- 
vert said tachycardia; and 

standby rate setting means responsive to 
said detection means for setting said standby rate 
of said bradycardia pacing pulses, said standby 
rate setting means setting said standby rate to a 
first prc^rammed standby rate for normal brady- 
cardia pacing, and to a second prdgranrmied 
standby rate for post-antHachycardia therapy bra- 
dycardia padng. 
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34. The apparatus of daim 31, wherein said further 
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